effect of mixing equal volumes of hydrogen and helium, each of which has too large a coefficient of elasticity, is to cause each to occupy twice the volume that they previously occupied, and to halve approximately the pressure for each. The pressure is therefore lower than it would be for an absolutely ideal gas, for each gas, hydrogen and helium. The sum of these pressures will accordingly be too low, or transposing, the sum of the volumes will be too great. The opposite argument holds for air. Now, in considering volumes we deal not merely with the co-volume, i.e., the space occupied by the molecules, but also with the inter stitial space inhabited by the molecules. But the refractive power, if Clausius's deduction from the formula of Lorenz and Lorentz is correct, is a function of the dielectric constant, and hence of the co-volumes of the gases. And here the discrepancy is more easily detected than by any determination of density. It must therefore be concluded that gases are not, as postulated by Dalton, indifferent to one another's presence, but that they modify one another's properties in the same manner as do liquids, though to a different extent. This mutual action at high pressures and small volumes modifies even the volume relations, as recently shown by Dr. Kuenen. And it must persist at low pressures and large volumes, though it may not always be possible to make measurements of pressure and volume accurate enough to lead to its detection. The refractivity, however, seems to be a means delicate enough to be used for this purpose. In the review of the vertebrates held in the following pages, I have put together as many facts as I could ascertain on the distribution of abdominal pores in the various groups, and side by side with this evidence I have arranged the available facts recorded by others, and observed by myself, on the distribution of nephrostomes and other openings on the wall of the abdominal cavity.
By so doing, the physiological meaning of the abdominal pores has, I believe, been elucidated through the evidence of a correlation, speak ing generally, of an alternative character, between these two sets of organs. It will further appear that in most of the higher vertebrates -where abdominal pores do not occur and nephrostomes disappear early in development or lose their original connection with the renal ducts-the body-cavity has taken upon itself a different functional character. Instead of acting as auxiliary to the excretory organs, it takes part in the internal work of the circulatory lymphatic system. The greater part of the information on the openings from the perivisceral cavity to the exterior in the Elasmobranchii is contained in two papers; one by Semper,* on the urogenital system of Plagiostomes, the other, by Bridge, on " Pori Abdominales of Vertebrata."f Semper describes the persistence in certain Elasmobranchs of a number of open segmental funnels on the peritoneal epithelium leading into the Malpighian bodies of the mesonephros. Such funnels occur in all Elasmobranch embryos, but usually close during develop ment. Semper gives lists of species with and without nephrostomes when adult, and shows that their presence cannot be correlated with the presence or absence of other organs, among which he did not, however, refer to the abdominal pores. Bridge was the first to examine a number of Elasmobranchs expressly to determine the distribution of abdominal pores amongst the species of these fishes. He states that it was " not clear that the presence or absence of the pores can be correlated with structural variations in other organs." I was led to compare Semper's and Bridge's accounts of the distribu tion of nephrostomes and abdominal pores, and it at once became evident that their presence in Elasmobranchs was, to a certain extent, reciprocal. A few discrepancies which appeared have been investi gated, and my results, although they agree in the main with Bridge's, differ from his in one or two important cases. A detailed discussion of these cases will appear elsewhere.
The Table I contains all the species for which there are data respecting both nephrostomes and abdominal pores. It includes all the species investigated by Semper, excepting Lamna glauca, M. and H., and Temera hardwickii, Gray. In these two species the nephrostomes close, and it may be expected that they will eventually be found to possess abdominal pores. Table II To some of the species in Table I no place in Table II can be assigned until more specimens of different ages have been examined.
It is sufficiently obvious from the list of species in Series B of Table II that abdominal pores are distributed without reference to oviparity or viviparity. In the above statements no account has been taken of the third channel of communication present in all female Elasmobranchs, that practicable through the oviduct after the disappearance of the hymen.
The relations thus brought to light afford a fairly complete account of the distribution of both nephrostomes and abdominal pores amongst adult Elasmobranchs. The total number of species (thirtysix) from which these conclusions have been drawn is somewhat small when compared with the number of species on record in this group, viz., more than 300. The families of the group are, however, all repre sented, with the exception of the Rhinodontidse, the Pristiophoridse, and the Pristidae, in which nothing is known of the nephrostomes; but I found abdominal pores in a species from each of the Selachian and Batoid families of Sawfishes. It follows then that with the two species referred to and six additional species from various families of Selachians known to possess abdominal pores,* there are forty-four species in which the abdominal cavity is known to communicate with the exterior, and not one in which this cavity is shut off from such communication. So that we may extend the generalisations arrived at from the discussion of the material here brought together to the whole of the Elasmobranchii. It may hence be concluded that the body cavity of adult Elasmobranchs is never completely enclosed by the peritoneum; it always communicates with the exterior, the com munication being effected in various ways, as shown above.
The distribution of species with nephrostomes and of species with out them in the Elasmobranchii is clearly shown in Table I . The scheme of classification adopted is from Dr. Gunther's ' Catalogue of Pishes in the British Museum' (published in 1870).
A glance at Table I shows that the Carchariidae all close the segmental tubes, three species of Scyliidte retain them, four, prob ably five, species of Spinacidee do the same; also two species of 2o8 Mr. E. J. Bles. On Openings the JNotidanidm do so; while all the Batoidei lose the peritoneal nephridial openings. Thus the classification here employed is in harmonj with the distribution of nephrostomes in adult Elasmobranchs. Vertebrates not yet dealt with, excluding the Cyclostomes. The latter are omitted on account of the great probability that the so-called abdominal pores of Cyclostomes are genital ducts, morpho logically as well as functionally, and hence quite distinct from true abdominal pores, which are never used as genital ducts.
The fishes in which the ova when mature fall into the general body cavity usually have abdominal pores ; this applies to certain Elas mobranchs, the Holocephala, most Ganoids, some Dipnoi, and to some Salmonidee. But there are exceptions, as we have seen, amongst the Elasmobranchs ; some Salmonidse have no pores, and other Teleosteans with the primitive form of ovary have none, e.g., Muraenidse, Galaxidae, &c. Then, on the other hand, there are fishes with tubu lar closed ovaries forming a continuous tube with the oviducts and with a lumen quite distinct from the body-cavity, as it is in the majority of Teleosteans, yet the body-cavity is, nevertheless, open to the exterior through abdominal pores. Lepidosteus osseus is in this condition, and, amongst Teleosteans, the Mormyridae. It follows that there is no correlation between the condition of the ovary and the occurrence of abdominal pores.
It is noteworthy that in the Amphibia alone, amongst the Verte brates ranking higher than Elasmobranchs, do the nephrostomes persist in the adult, and that the abdominal pores are entirely absent. This is the more striking, since the abdominal pores reappear in Reptiles, in the absence of nephrostomes.
Equally important, from the present point of view, is the change of function of the nephrostomes within the group Amphibia. In the Gymnophiona and Urodela the original excretory function is served; but in Anura, where the lymphatic system is more highly developed, the body-cavity has become a lymph space, and the nephrostomes lead from it directly into the renal veins, not into the kidney tubules (Nussbaum) . The abdominal cavity of Anura is also, through the stomata, in close communication with the lymphatic system, and so, through the lymph-hearts, with the veins. Hence the body-cavity of the lower Amphibia may be compared, as regards its relations to the kidneys, with the bodv-cavity of certain Elasmobranchs (Cestracion), while the relations of body-cavity and vascular system in the Anura are parallel to those obtaining in the higher Reptilia and in Mammals. P r e se n t. -------------------------------------- 
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Conclusions.
The first inference to be drawn from the facts as here presented is one bearing on the function of the abdominal pores. When some conclusion has been reached as to whether the pores are mere vestigial rudiments of no present physiological value, or whether they are of real functional value to those vertebrates in which they occur, then an attempt may be made to assign to them their morpho logical meaning.
The opinion held by Bridge as the result of his investigations on abdominal pores was, that, excepting in those cases where the genital products passed out through them, they had no definite function. It is now known that true abdominal pores do not serve as genital ducts; the so-called abdominal pores of Cyclostomes, Murtenidm, &c., are really genital ducts, and their homologies do not point to the abdominal pores of the Elasmobranchs, &c. The pores would, accord ingly, be left without any particular function.
This conclusion is, I believe, contradicted by the facts connected with the relative distribution of nephrostomes on the one hand and abdominal pores on the other. In the Elasmobranchs three larger groups may be recognised. In one nephrostomes only occur, in another abdominal pores only, in the third nephrostomes are always present, while abdominal pores may or may not be added. Amongst the Holocephala abdominal pores alone exist in the adult Chimcera monstrosa. The Ganoids lose their nephrostomes, but all have abdominal pores. All that is clear about the Dipnoi points to the presence of abdominal pores in Ceratodus and in annectens, nephrostomes being absent. The Teleostei with abdominal pores have no nephrostomes. The Amphibia Casedia and the Amphibia Urodela both have nephrostomes opening a passage from body-cavity to the exterior. In certain Chelonia and Crocodilia, which close their nephrostomes during embryonic life, abdominal pores are present. All. the groups just mentioned have either nephrostomes or abdominal pores, or in some (intermediate) cases both together. In none are both openings absent, and it appears to be necessary for some passage to be open between the body-cavity and the exterior. This consideration gives, I believe, a clue to the function of the abdominal pores. As they alternate on the whole in their distribution with the nephrostomes, they undertake in all prob ability the duties of the absent nephrostomes, or when both are present together they act in mutual support of each other.
In what the function of the pores chiefly consists is demon strated by a very interesting experiment recently performed by Guido Schneider.* He injected finely divided Indian ink mixed # ' Anat. Anz./ vol. 13, No. 15, p. 393.
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with a little carmine into the body-cavity of specimens of angelus (Rhinasquatina, L.) . Two days later the animals were killed. Phagocytes laden with the colouring matter were found in the nephrostomial funnels and in spaces in the kidney into which these funnels led. Whether these spaces were continuous with the lumen of the renal tubules could not be determined. But in addition to this means of clearing the foreign matter away from the peritoneal cavity, another method, as I take it, appears to have been resorted to. I have satisfied myself that in the normal R. squatina there are no abdominal pores, but there are cloacal pits with exceedingly thin walls towards the body-cavity. From Schneider's description, I conclude that these walls were broken through in his more or less pathological specimens, forming ruptures on each side of the cloacal slit. They appeared as black pits pig mented with Indian-ink-laden leucocytes, wandering, as he explains, into the tissue round the pore. The pigmented leucocytes wei*e found only in these two places, and the pores had opened, no doubt, I consider, in consequence of pressure from within, for the spaces in the kidneys are described as being choked with phagocytes. What appears to have happened is, that the nephrostomes having been stopped up with an accumulation of phagocytes, the pores broke open, and the remaining phagocytes were there expelled, some of them, however, passing into the exposed connective tissue round the edge of the rupture. Another previous experiment by Schneider gives f urther evidence on the subject.* He made a copious injection of carmine suspended in sterilised salt solution into the body-cavity of Sahno f a r i o . His specimens may have been immature ; in any case, unlike some of Weber's, they had no abdominal pores. But potentially, I am inclined to think, they were present, as the phago cytes which had engulphed the injected pigment collected at the posterior end of the body-cavity, where the abdominal wall on each side of the anus is very thin. Some of the phagocytes wandered into this fhin wall, and in one case they passed right through it and formed a mass of pus on the external surface. This gives, I take it, a very plain hint of. what would have happened if the abdominal pore had been present. There would have been no obstacle to the excretion from the peritoneal cavity of the foreign matter and products of inflammation.
The abdominal pores are then excretory ducts, and (should occa sion arise) would, as Gunther suggested, aid in removing stray ova and semen from the body-cavity as a part of their work, but by no means as the whole of it. And if this view is correct, the body cavity of fishes and of the lower Amphibia is to a great extent an excretory organ, as it certainly is in the early stages of the Mr. E. J. Bles.
O Ope development of almost all Vertebrates. This is in agreement with the result arrived at by van Wijhe in a totally different way, which states that the abdominal pores were excretory ducts and the bodycavity the most primitive excretory organ, functioning as such before the pronephros arose* It would follow that the abdominal pore is phylogenetically older than pronephric and mesonephric seg mental tubes and ducts, and Balfour's homology of the abdominal pores with a posterior pair of segmental tubes would fall to the ground. Without committing myself to van Wijhe's way of regard ing the abdominal pores and pronephros, I must say that there is very little to be alleged in favour of Balfour's homology. The argu ments with which Balfourf supports his view are rather scanty, amounting to the statement that the pores, for reasons given, are not Mullerian ducts, and that the blind pockets (cloacal pouches) of Selachians are very like primitive involutions from the exterior to form the external openings of a pair of segmental organs. It is now known that the peritoneal end of segmental tubules is formed, especially in Selachians, in a perfectly definite manner from a defi nite part of the myotome, the dorsal portion of that part which does not form the myomere or muscle segment. Until it is shown that the abdominal pores arise from a corresponding portion of a myotome they cannot be horaologised with segmental organs. Their late appearance in many cases, their ventral position, the fact that they are formed (in Scyllium for instance) at the extreme tip of the peritoneal cavity as a prolongation of that cavity ventrally into the cloacal papilla, that they open at or near the tip of the papilla and not into the bottom of the cloacal pouch, all these facts make it seem unlikely that Balfour's suggested homology will eventually be proved. The problem naturally arises, which is the primitive condition in Elasmobranchs, that where nephrostomes alone are present, or that where abdominal pores alone are present in the adult p This point cannot, I think, be decided without more evidence.
At first sight it might seem that the persistence of nephrostomial tubes in the adult Selachian was primitive, as these organs are formed at an early stage, in a primitive manner, and are hence phylogenetically ancient structures. Cestracion, moreover, which has this feature, is one of the most primitive of living Selachians. But against all this it may be urged that just as the nephrostomes in adult Amphibia are in all probability a neotenic character, in a group which shows so strong a proclivity to neotenia, so may the retention of open nephrostomes in adult Selachians of the present day be a neotenic phenomenon. This is the more probable, since the nephrostomes in animals which lose them generally disappear at a very early age and they are so lost in the Cyclostomata. It is, therefore, not clear whether that intermediate group of Selachians which has both nephrostomes and abdominal pores is on the way to lose the former and depend on the latter or vice versa.
With regard to the homology of the pores in the different groups of fishes and in reptiles, the answer will depend on the proof or dis proof of Balfour's homology. If the pores are not segmental tubes, they are simply perforations of the abdominal wall in consequence of gradual thinning down in the cloacal region. Should this be so, it is evident that this process may have taken place independently many times over in the phylogeny of the different groups, and there would be great difficulty in establishing the homology between any two groups of Vertebrates in respect to the pores.
Let ns glance for a moment at the role played by the body-cavity in the series of changes from its original condition (i) as a part of the excretory system, (ii) as a part of the reproductive system receiv ing the genital products as they are set free, and (iii) as a part of the lymphatic system, receiving the transudations of the visceral and abdominal walls. From this condition it has been specialised, losing first the sexual part of its duties, when the ovaries and testes became more or less continuous with their ducts. It would after wards, as in the Anura, become less an excretory organ and more a lymph reservoii*, and similarly in the higher reptiles and mammals it becomes more and more specialised as a part of the system of lym phatics.
I must record my gratitude to Mr. Boulenger for facilities granted in examining specimens under his charge at the British Museum, to Mr. S. F. Harmer, Superintendent of the Museum of Comparative Anatomy, Cambridge, for the use of specimens in the collection, and lastly, I owe much gratitude to Dr. Hans Gadow, for the encourage ment and suggestive assistance he has always been ready to give me.
Summary.
1. There is a reciprocal and compensating correlation in the adult Elasmobranchii, Ganoidei, Dipnoi, some Teleostei, Amphibia, certain Chelonia and Crocodilia in the distribution of nephrostomes and of abdominal pores. In some Selachians only are both present. In the majority of the Elasmobranchii, and in all the other groups, the presence of one set of organs excludes the presence of the other. In the higher Teleostei, in Hatteria, some Crocodiles and Chelonians, both have been lost. Anura hold an intermediate position in so far as the nephrostomes are present, but are no longer connected with the renal system, and the body-cavity communicates with the circu latory system through two channels, (l) through the nephrostomes, and (2) through stomata. The latter alone form a communication between the body-cavity and the lymphatic system in the Saurii, and Mammalia which have neither abdominal pores nor nephrostomes.
2. If stomata should not be present in the Teleostei and certain Reptilia mentioned above, they would form the only exception to the generalisation that the body-cavity of "Vertebrates is never com pletely closed.
3. The function of the abdominal pores is the same as that of the nephrostomes, viz., the voiding of waste products from the bodycavity.
4. The body-cavity in Pisces and the lower Amphibia is to a great extent an excretory organ.
5. The bulk of the available evidence does not favour the view that the abdominal pores represent a pair of segmental tubules.
6. They seem to be simple perforations of the abdominal wall, and in this case would not necessarily be homologous in the various groups of Vertebrates.
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